genesis refers to the broad spectrum of physiological and developmental changes that occur when a seedling is exposed to light. This developmental program is controlled in part by proteins that direct the synthesis of transcripts expressed only in illuminated plants. One However, the exact mechanism by which COP1 prodiscuss hypotheses for how CSN promotes the activity motes HY5 degradation has yet to be unraveled. of SCF ubiquitin ligases.
support for the idea that CSN is a novel positive regulator RNR catalyzes the production of deoxyribonucleotides of SCF ubiquitin ligases. SCF is a multisubunit complex for DNA synthesis. In normal cells, Spd1 negatively regucomposed of 4 polypeptides: Cul1, Hrt1 (also known as lates Suc22 in some manner. Upon DNA damage or Roc1 or Rbx1), Skp1, and one member of a large family during S phase, the repressive effect of Spd1 is counterof substrate binding proteins known as the F-box proacted by its rapid degradation, which presumably frees teins (FBPs). Together, this complex of proteins belongs RNR to produce dNTPs. However, in csn1⌬ and csn2⌬
to a large class of enzymes known as E3 ubiquitin ligases mutants, Spd1 is not degraded and accumulates to high (Deshaies 1999). These enzymes promote covalent atlevels that repress Suc22 function, possibly by pretachment of ubiquitin to substrate proteins, which in turn venting redistribution of Suc22 from the nucleus to the are recognized and degraded by the 26S proteasome. cytoplasm. The mechanism by which Csn1 and Csn2
Further analysis of SCF-CSN interactions in fission yeast cells revealed that the degree of Nedd8 modifiact is not known, but Spd1 turnover also requires Cul4, and Cul4 coimmunoprecipitates with Csn1, suggesting cation of the Cul1 subunit of SCF is perturbed in CSN-deficient mutants (Lyapina et al., 2001). Nedd8 that Csn1-Csn2 directly activate Cul4.
Miscellaneous Functions Linked to Individual
(also known as Rub1) is highly related to ubiquitin, and like ubiquitin is covalently linked to other polypeptides CSN Subunits In addition to the myriad phenotypes seen in CSN muby an isopeptide bond between the C terminus of Nedd8 and the ⑀-amino group of a lysine residue within the tants, CSN subunits have also been linked through protein-protein interactions to a broad range of cellular protarget. Nedd8 is activated for attachment to substrates by a heterodimeric E1-like enzyme composed of Uba3 cesses (Schwechheimer and Deng, 2001). Notably, Csn5/Jab1 has been uncovered numerous times in and Ula1 (also known as APP-BP1) subunits, and activated Nedd8 is then transferred to the Nedd8 conjugat-2-hybrid screens, but it should be borne in mind that Csn5 binds Gal4 and thus may turn up as a false positive ing enzyme Ubc12 (Lammer et al., 1998; Liakopoulos et al., 1998). Ubc12 directly transfers Nedd8 to its subin two-hybrid assays (Nordgard et al., 2001). Csn5/Jab1 originally surfaced in a two-hybrid screen for proteins strates, the only known ones being members of the cullin family of ubiquitin ligase subunits. All of the cullins that bind the activation domain of c-Jun (Claret et al., 1996). Cotransfection of JAB1 cDNA with reporter plasappear to be modified on a single, conserved lysine residue. Although the Nedd8 attachment (i.e., neddylamids that contain an AP-1 promoter element responsive to c-Jun activity revealed that overexpression of Csn5/ tion) pathway is reminiscent of ubiquitination pathways, the attachment of Nedd8 does not appear to target proJab1 boosts the transactivation capacity of c-Jun. Csn5/ Jab1 was later uncovered in a screen for proteins that teins for degradation. 
Does CSN Promote Cycles of SCF Assembly?
CAND1 activities should lead to a reduction of SCF activity (Figure 2 ). This has indeed been shown in all three The divergent genetic and biochemical results indicate that ubiquitin ligase activity of SCF is not strictly depencases (Table 1) . However, two classes of observations are not so readily explained by this model in its simplest dent upon CSN, but that CSN is required to sustain SCF activity over time in the context of a cell. Why might form. First, several lines of evidence suggest that inhibition of neddylation has more severe consequences than this be? We propose that CSN controls cycles of SCF assembly/disassembly that occur in vivo, but do not inhibition of CSN (see Table 1 for references). This is seen, for example, in fission yeast where the neddylation come into play in standard in vitro reconstitution systems. For the sake of simplicity we focus our discussion pathway is essential but CSN-dependent deneddylation is not. In addition, a hamster cell line that has a mutation on SCF and the deneddylase activity of CSN, but it should be kept in mind that other activities of CSN conin Nedd8 E1 enzyme is thermosensitive for growth, whereas a normal human diploid fibroblast depleted of tribute to the regulation of SCF and the other cullin- response to a stimulus (see next section for more detail). The second observation that bears consideration is However, it remains possible that either of these processes is antagonized by a factor that is absent from the that in budding yeast, neither CSN nor the enzymes for Nedd8 attachment are essential for growth (Table 1) In thinking about models of CSN function, a striking observation that may bear greater attention is that many of the review we will use this model as a framework for thinking about the substantial body of literature on CSN, of the CSN-dependent processes that have come to light involve pathways that employ ubiquitin-dependent Nedd8, and CAND1.
The model shown in Figure 1 predicts that inhibition proteolysis to control the production or interpretation of an environmental signal. Both ubiquitin-dependent of either Nedd8 attachment, Nedd8 isopeptidase, or 
